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Abstract 
Heat exchange by convection and thermal conduction between the two environments of a building 
separated by a vertical wall and double wall air gap are studied numerically. The transfer is two-
dimensional effect of the external environment the hottest to the internal environment of the building 
through a facade consisting of two walls separated by a layer of air. The structure of the flow and the 
temperature distribution in the two media and the temperature profile of the surfaces of the front wall are 
determined based on the simulation results for the temperature difference (Rayleigh number) and the 
temperature sinusoidal excitation. 
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1. Introduction 
   In many Mediterranean countries, buildings are constructed with hollow brick walls and concrete 
blocks. In arid regions (southwest Algeria) is two types of facade, facades composed by a single wall 
double wall and other wall. In general, these structures are the seat of coupled heat transfer by natural 
convection, conduction and radiation. Therefore, the appropriate numerical study of the thermal behavior 
of such structures must take into account the simultaneous existence of three modes of heat transfer. Most 
work in this direction have been devoted to the study of the effects of conduction and / or radiation on 
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natural convection in a differentially heated rectangular cavity [1,2]. Very recently, a series of numerical 
studies that consider both transfers conductive, convective and radiation in alveolar structures was 
conducted by [3, 4, 5]. This work had the objective of determining the coefficients of the transfer function 
(CFT) to the vertical walls of buildings built by bricks clay. Thus, thanks to the dominance of heat 
conduction, linear nature, the overall heat transfer through the walls considered, the authors determined 
that the CFT can be generated by algorithms and analytical Mitalas Stephenson [6] or semi-analytic Seem 
et al. [7]. In addition, the studies available in the literature are restricted to simple configurations, 
generally formed by a rectangular cavity with one or more conductive walls. [8] and [9] have studied the 
influence of radiative exchange between the walls of a cavity on the natural convection. The effects of 
conduction in a wall of the cavity on convection were treated with [10] and [11, 12]. Conduction transfers 
in a partition separating two rectangular cavities were taken into account during the study by [13]. The 
coupling between heat transfer by conduction, convection and radiation has been studied in the work 
presented by [14] and [15], by considering rectangular cavities closed. The interaction between the three 
modes of heat transfer in an open cavity has been presented by the study [16]. The objective of this study 
was the effect of temperature exciter (outer) of the air flow within the building via an interface 
representing the facade composed by two walls and a blade of air. The purpose of our work is then to 
associate a model of different levels of smoothness for the representation of transport phenomena in 
buildings and the surrounding environment. In this approach, this study define allows by numerical 
simulation the thermal behaviour of the building façade and the heat exchange between the two 
environments outside and inside the building.  
 
2. Mathematical model 
 
2.1 .Description of the studied configuration 
 
The configuration studied is shown in figure1. It shows two rectangular cavities of height H and length L, 
separated by an interface representing the compound wall by two walls separated by a layer of air. The 
first cavity is air from the external environment including the building, is open at the upper (top) and also 
in the vertical side parallel to the wall. Therefore, the second cavity is closed mid air inside the building, 
the facade contains two solid walls and an air of the same thickness (e) separating the two media. The 
right and left vertical surfaces of the structure are assumed isothermal consistent with the assumptions 
often adopted for building walls, and charged respectively to the hot face temperature TC of the cold face 
and TF. By cons, the horizontal surfaces of the cavity of the internal medium and the lower part of the 
cavity from the external environment are considered adiabatic and the upper part of the cavity from the 
external environment in which the convective heat transfer is considered. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Studied configuration 
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1.1. Equation model 
The formulation of equations governing the fluid motion and heat transfer within two mediums. The 
following assumptions are adopted:  
x The fluid motion and heat transfer are considered two dimensional and laminar. 
x The thickness of the wall is small compared to its length.  
x The fluid is Newtonian and incompressible.  
x The thermo physical properties of air and solid walls are constant except for density of air in the 
buoyancy term thrust where it varies linearly with temperature (Boussinesq approximation). 
x The radiation is assumed negligible.  
 
Dimensionless equations governing the conservation of mass, momentum and energy for the air in the 
two media are given by:  
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Where U, V, P and θa are dimensionless variables associated, respectively, with velocity components, the 
pressure and the fluid temperature, Ra is the Rayleigh number, given by:  
Pr.2
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The dimensionless equation of heat conduction in the solid wall is given by: 
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Where αa and αs are the fluid and solid thermal diffusivities, respectively, and θs is dimensionless solid 
temperature. The boundary conditions of the problem are: 
 
a) Interior domain 
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The average Nusselt number in the outer face of the wall is: 
dY
X
Nu ³ ww 
1
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The rate of the maximum temperature of the walls of the facade and the indoor air: 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  2.3. Resolution method and simulation parameter 
 
The model equations are discredited by the method of control volume, and are solved by the SIMPLER 
algorithm developed by Patankar [17]. The resulting system of algebraic equations is solved by the 
iterative line by line, based on the Thomas algorithm. A study on the effects of the both grid spacing and 
time step on the simulation results has been conducted. The compromise between the accuracy and the 
computation time is found for the non-uniform grids. In fact, this study led to the choice of a mesh 45x95 
nodes. It is estimated that convergence is reached when the relative differences of the calculated variables 
at different nodes of the mesh in two successive iterations, is equal to 10-4.  The computer code was tested 
in the case of a differentially heated square cavity. The characteristic parameters of flow and heat transfer 
calculated for different Rayleigh numbers, using a 42x42 grid, are compared in Table 1 to those obtained 
by de Vahl Davis [18] the comparison is based on the maximum streamlines ψmax and the average Nusselt 
number at the hot surface of the cavity. The results of this work, are in good agreement of the De Vahl 
Davis’s ones. 
Table 1. Comparison of present work with those obtained by De Vahl Davis 
 
Ra 
parameters 
compared 
De Vahl Davis Present 
Work 
Error 
(%) 
103 
Ψmax 1.174 1.174 0 
Nu 1.116 1.1186 0.33 
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104 
Ψmax 5.098 5.0720 0.51 
Nu 2.242 2.2645 1.00 
105 
Ψmax 9.739 9.624 1.18 
Nu 4.564 4.6361 1.57 
106 
Ψmax 17.613 16.884 4.13 
Nu 9.270 9.620 3.77 
 
2. Results and discussion 
 
     The results presented in this study are obtained for a wall built in two concrete walls ratio of thermal 
diffusivity αa / αs = 0.038, dimensionless height H equal to1, thickness of each wall equals (e1/H)= (e2/ H) 
= (e3 / H) = 0.02 and area width exterior and interior  are of the aspect ratio  L / H = 1. The Rayleigh 
number (Ra), the amplitude and period of the excitation temperature respectively varies from 103 to 107, 
0.2 to 1.5 and 0.5 to 1.2. Prandtl number is fixed at 0.71.  
 
3.1. Streamlines and isotherms 
 
The fig.2 represents the isotherms and streamlines obtained with amplitude of 0.8, a period of 0.5 of 
different numbers of Ra. The Examination of these figures shows that the flow structures in the internal 
environment is similar to the developing one in a differentially heated square cavity (flow characterized 
by a large cell turning clockwise) [13]. Similarly, the external environment keeps its structure almost for 
the low Rayleigh numbers except in the case Ra = 103, is appear a second conductive cell of recirculation 
in the opposite direction clockwise caused at to the slow flow of air. By cons from Ra = 105, air flow is 
upward in the upper surface of the external medium by increasing the temperature gradient that will 
generate a flow following the intensive convective exchange with the surrounding air. For low values of 
Ra, isotherms are parallel to the wall giving a substantial thickness of the boundary layer promoting the 
transfer mode conduction. Increasing Ra, the isotherms become more perpendicular to the wall which 
decreases the thickness of the boundary layer favoring convective transfer mode in both environments. 
The heat transfer of the two media is carried out by the continuous flow of heat from the air-solid 
interface. 
The plots of the isotherms and streamlines for the case of amplitude 0.8 and period 1.2 of different 
numbers of Rayleigh are shown in figure 3. he structure of the flow is symmetrical and unicellular flows 
in the direction of clockwise in the internal environment of the building and is antisymmetric for large 
values of Ra, where the central vortex moves toward the cold wall. Thus, the flow structure changes in the 
external environment, which appear a almost a second conductive cell recirculation in the opposite 
direction clockwise. In fact increasing the temperature gradient, the latter is extended from the hot part 
towards the outside of the facade promoting convective transfer mode. This secondary flow will change 
the structure of the main flow due to the conductive exchange with the wall (facade) on the one hand and 
the convective heat exchange with the surrounding air on the other. Isotherms become more perpendicular 
to the wall in the indoor environment that is to say, the convective heat transfer is dominant. In the 
external environment, the isotherms in the form of a semicircle open at the top of the medium where the 
convective transfer mode is dominant over the outer surface the wall of the facade. 
 
3.2. Effect of Rayleigh number on the heat transfer 
 
Variation of the temperature versus time for various numbers of Ra with amplitude of 0.8 and a period of 
0.5 to mid-height to the outer faces and inner walls of the facade, the exciter temperature and air inside 
the building are shown Figure 4. (a), (b), (c), (d) and (e). The temperature profile has a shape similar to 
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that of the excitation temperature Tc, the amplitude decreases from the outside to the inside and keeps the 
same period. This decrease of the temperature gradient is due to the convective heat exchange and 
conductive. The amplitude of the temperature, the two faces of the outer wall and the right side of the 
inner wall increases with increasing temperature gradient; where the rate of decrease of the maximum 
temperature of these faces with respect to Tc maximum decreases with increasing the number of Ra. 
The phenomenon is reversed in the case of the left side of the inner wall and the air inside the building 
where the rate of decrease of the maximum temperature of the latter with respect to Tc max believes in 
expanding the number of Ra (figure 5). This means that the time diffusion of the temperature in the 
external environment is very fast compared to the indoor environment. Also, there for low values of Ra 
the temperature difference with the maximum heating temperature is important when the diffusion 
temperature is very slow for both environments favoring the transfer mode conduction. 
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Conclusion 
The results presented in this work have shown that the temperature fields and streamlines in a structure 
composed of two external and internal environments (buildings) are significantly affected by the presence 
of the walls of the facade and the convective heat transfer at the upper part of the external environment. 
Also, the two media are antisymmetric with the creation of a second recirculation zone in the 
environment, whether by increasing the period of the excitation temperature. The temperatures obtained 
through the walls of the facade and the air inside the building has the same frequency as the excitation 
temperature. However, the amplitude has a progressive decrease in relation to the high temperature, in the 
direction of heat flow from the outside towards the inside. Also, the rate of decrease of the maximum 
temperature of the faces of the outer wall and the outer face of the inner wall decreases with increasing 
temperature gradient. In determining the gradient of the temperature, the rate increases in these faces. By 
cons, the rate of decrease of the temperature of the inner face and the indoor air increases with the 
increase in Ra. For the same value of Ra decreases the rate of decline of these places. And in this case 
study, it is found that the thickness of the air layer has no influence on the heat transfer by convection. 
The diffusion temperature is very fast when the heating is important, and the outside convective heat 
transfer mode from the external environment is more dominant than the internal environment due to the 
opening of the upper part of the external medium. 
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